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Cleveland 1801 K Swreet, N.W. / Suite 400K Irvine
Columbus Washington, D.C. 20006-1301 Los Angeles
Dallas 202/775-7100 selephone San Francisco
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et - Writer’s Direct Dial Number:

(202) 775-4452
EX PARTE OR LATE FILED

January 13, 1997

William F. Caton ’JA N

Acting Secretary i ! 5 1997
Federal Communications Commission 0 s ATl

1919 M §t. N.W., Room 222 FicE o OFSecpgy s

Washington, D.C. 20554

Re: Ex Parte Filing of Primosphere Limited Partnership in GN Docket 96-228

Dear Mr. Caton:

On January 10, 1997, Primosphere Limited Partnership filed an ex parte statement
regarding meetings with various Commission staff members on January 6, 7, and 8, 1997. The
purpose of those meetings was to discuss the out-of-band emissions limits proposed in the Notice
of Proposed Rulemaking in the above-referenced docket. In addition, on January 10, 1997
Primosphere representatives met with John Williams of the Office of Plans and Policy and Thomas
Tycz of the International Bureau, also to discuss the out-of-band emissions proposal.

Attached hereto is a supplemental filing providing information promised to the staff at
these meetings.

If you have any questions, please call me.

Very tyly yurs
Robert/f. ﬂngar%/\
cc (w/encl): Richard Smith
Bruce Franca
Tom Mooring
Charles Iseman

Michael Marcus
David Siddall
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Amendment of the Commission’s Rules to Establish Part 27,
the Wireless Communications Service (“WCS”)
GN Docket N. 96-228

January 13, 1997

1. Allocation of Spectrum to Wireless Communications Services and Conditions of Use

The Commission in its NPRM of November 8, 1996 proposed that the bands 2305 to 2320 MHz
and 2345 to 2360 MHz be allocated to Wireless Communication Services (WCS) for flexibie use.
Flexible use might include mobile and fixed services. The two WCS bands are adjacent to the
band 2320 to 2345 MHz that the Commission previously allocated to Satellite Digital Audi Radio
Service (SDARS).

In allocating spectrum to WCS the Commission recognized the need to protect the sensitive
satellite receive services in the band allocated to SDARS and placed an out-of-band emission
limitation on the WCS services. The level of out-of-band emission from the WCS bands into the
SDARS band proposed by the Commission is;

For WCS fixed transmit services 70+10Log(p) dB
For WCS mobile transmit services 43+10Log(p) dB

where p is the power level of the WCS transmitter in watts

No other technical constraints were placed on transmissions in the WCS bands.

2. Issues

In their comments to the Commission with regard to the WCS NPRM Primosphere, and other
SDARS applicants, took issue with the above limit on WCS out-of-band emissions into the band
allocated for SDARS. These Comments noted that the level of protection from WCS generated
interference was inadequate to protect the low level satellite receive signals in the SDARS band.
It was further noted that these limits would, if implemented, result in very significant and frequent
disruption of SDARS reception over a wide area. Mobile transmitters in the WCS bands meeting
the proposed out-of-band emission limits will subject SDARS mobile receivers to an excessive
level of noise. Primosphere calculates (see Figure 1) that a single WCS transmitter at a range of
approximately 5 km away from an SDARS receiver will provide a level of interference into the
SDARS receiver equal to the SDARS receiver’s total noise level. At a range of 1 km this WCS
transmitter will render the SDARS receiver inoperative.
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3. Solution

Primosphere in its response to the NPRM has proposed a revised set of out-of-band emissions
limits. These limits are based on reasonable allowances for interference into the SDARS system
and practical approaches exist to implementing the out-of-band emission requirements in either
the mobile or fixed WCS transmitters. Specifically Primosphere has proposed the following
requirements for the WCS out-of-band emissions into the SDARS band:

For WCS fixed transmit services 92+10Log(p) dB
For WCS mobile transmit services 123+10Log(p) dB

In addition Primosphere has suggested the use of opposite sense circular polarization between the
WCS and SDARS bands. It is proposed that both WCS bands would use circularly polarized
transmissions of the opposite sense to the SDARS receive transmissions.

No other constraints on or changes to WCS transmissions have been proposed.

4. Justification for revised WCS out-of-band emission limits

The Primosphere SDARS satellite-to-mobile link design allocates 200° K to receiver noise
temperature. The system designs of other SDARS applicants are based on similar levels of
SDARS receiver noise temperature. Assuming only a single WCS transmitter is within line of
sight of an SDARS receiver, Table 1 shows calculations that support the need for the above levels
of out-of-band emissions. These calculations are based on an SDARS receiver noise temperature
of 200° K and allows a 5 % increase in SDARS noise for WCS transmissions from single WCS
transmitter. The estimate of SDARS receiver noise temperature of 200° K is based on a receiver
LNA noise figure of 1 dB (see attached data sheet for NEC part NE32584C, a low noise amplifier
meeting this requirement) and a line loss plus antenna noise of 120°K. An allowance for WCS
interference increasing SDARS receiver noise temperature by 0.2 dB is justified, since this is for
only one WCS transmitter and WCS is not the only interfering signal faced by SDARS receivers.
SDARS receivers must contend with interference from other nearby bands, from within the
SDARS band itself from the second SDARS licensee and from Canadian terrestrial systems who
also share the SDARS. The numbers in Table 1 are derived from standard methods of calculation.

Based on the results shown in Table 1, Primosphere has plotted the out-of-band emissions from a

single WCS mobile or fixed transmitter fully meeting the proposed out-of-band emission limits of
43+10Log(p) and 70+10Log(p) dB respectively, versus separation distance between the offending
WCS transmitter and an SDARS receiver. The results are given in Figure 2. It can easily be seen



that a single WCS mobile transmit terminal, in full compliance with the currently proposed out-
of-band emission limits will produce a noise level at the SDARS receiver equal to SDARS
receiver noise, when located approximately 5 km away. This level of interference from a single
WCS terminal will reduce the Primosphere link margin from 6 dB to 3 dB causing a greater
number of unreverable data errors when fading conditions are experienced and result in poor
signal quality. If a single WCS mobile terminal was located only half this distance away from the
SDARS receiver all link margin will be lost and the link will be broken making reception
impossible. At this operating point the digital satellite transmission will incur a massive increase
in unrecoverable bit errors, creating the effect to the user as lengthy “hits” or “jumps” in the
received music channels and will cause SDARS receiver signal processing to “crash.”

6. Impact of the revised out-of-band emissions levels on WCS transmit terminals.

Primosphere has paid special attention to ensure that the impact of our proposed reduction in
out-of-band emissions can be readily and inexpensively implemented. Specifically there are
several proven techniques that can be utilized by terminal manufacturers to meet the revised WCS
out-of-band emissions levels with minimum impact on terminal costs. Given below is an example
list of methods commonly used to reduce transmitter out-of-band emission levels, along with the
level of improvement that could be expected;

Frequency Planning. Frequency planning in the WCS bands can significantly
reduce the impact of implementing the proposed out-of-
band limits in the design of the WCS equipment. An
example of a frequency plan is shown in Figure 2, where the
mobile receive channels have been allocated directly
adjacent to the SDARS receive bands. This allows the
WCS transmit filter at least a full RF bandwidth to fall off,
easing filter design and a higher attenuation in the SDARS
band to be be realised.

Spectrum shaping Spectrum shaping in the modulator can significantly limit
the out-of-band spectrum level. For example, using square
root raised cosine pulse shaping results in spectrum roll off
of approximately 65 dB at the SDARS band edge, using the
frequency plan given in Figure 2. Implementation of
spectrum shaping signal processing would be at the signal
processing level using DSP technology. Most transmitters
already have spectrum shaping circuitry and thus there
would be a negligible increase in production costs.

Filtering Filtering in the WCS terminal can be used to provide
attenuation to WCS out-of-band emissions into the SDARS



band. With the frequency plan suggested in Figure 2
filtering can easily provide attenuation of approximately 55
dB. It is proposed that the filtering be implemented prior
to the final SSPA, where in band insertion loss is not a
significant parameter. One suitable filter would be a
IMCeramFil™, a low cost ceramic filter, available in
production quantities from Integrated Microwave. In
addition filtering at the output of the final RF power
amplifier will provide some limited additional reduction in
out of band emissions. This type of filtering is presently
used in all PCS transmitters.

SSPA Back-off The final SSPA stage in a WCS transmitter is a non- linear
amplifier which will cause some spectrum re-growth. If the
SSPA is operated at full saturation spectrum re-growth will
be on the order of 25 dB. However operating the SSPA
with a 4 dB input back-off will limit re-growth to 10 dB at
the cost of only 10% drop in SSPA efficiency.

Cross Polarization The use of opposite sense of polarization between the WCS
and SDARS services will provide isolation of the order 15
dB. This is accomplished with no significant cost or
operational impact on either the WCS or SDARS
equipment.

With implementation of the above techniques values of 125 dB suppression of out-of-band
emission can be achieved. Thus, the changes in the WCS out-of-band emission limits requested
by Primosphere and the other SDARS applicants are feasible and can be implemented without
major economic impact on WCS or constraints on its operations.

7. Practical measurement procedures to ensure that WCS transmit terminals meet the revised
out-of-band emission requirements

Factory and/or laboratory measurements of out-of-band emissions from mobile and fixed WCS
terminals meeting the 123+10Log(p) and 92+10Log(p) dB requirements can readily be
accomplished by widely available standard off-the-shelf equipment. A fairly simple test
configuration capable of performing both type acceptance and compliance testing is shown in
Figure 3. The LNA is used to extend the measurement range of the spectrum analyzer by
amplifying the input level to be within the dynamic range of the spectrum analyzer.

We have conservatively assumed that the test set with the LNA module and coupling connections
has a noise figure of 2.0 dB which is well within the capability of a reasonably priced device (see



attached data sheet for Mini-Circuits ZHL-1724HLN LNA module). With this LNA the test set
noise temperature is 170°K, this corresponds to a thermal noise density of -206 dB/Hz or -161
dBW/30 KHz. Since we are trying to measure spectral levels of -129 dBW/KHz for a 1 W mobile
transmitter, our test set thermal noise is well below the levels we are trying to measure. Thus,
using an off-the-shelf LNA unit at the front end of the spectrum analyzer and standard microwave
coupling hardware, out-of-band emission levels for mobile terminals of 123+10Log(p) dB, with a
p=1 watt, will be 32 dB higher than the noise floor of the measurement setup. A similar
measurement test configuration can be used for fixed terminals.

Suitable spectrum analyzers and LNA’s are available from a wide number of sources, test
engineers need only consult the test equipment catalog of Hewlett Packard, as one source, for
suitable spectrum analyzers. As the enclosed data sheet illustrates, LNA modules operating in
the 2 GHz band with the required noise figure are available, with Minicircuits being one reliable
source of such components.

Compliance with the recommended out-of-band emission standards can be readily determined
with off-the-shelf equipment using standard microwave measurement procedures. Thus,
measurement procedures for WCS terminals meeting the revised out-of-band limits can therefore
be readily adopted and FCC type acceptance tests be easily carried out.

8. Conclusions

SDARS is a satellite based mobile service operating with very low received signal power.

SDARS will be operating in a band literally sandwiched between the two WCS bands. It is
essential that out-of-band emissions from the adjacent WCS bands be carefully controlled to avoid
interference and preserve a suitable SDARS service quality.

In its presentations to the Commission Primosphere has shown that:

1. The out-of-band limits proposed in the WCS NPRM are insufficient to protect
SDARS from massive interference from WCS terminals;

2. The revised out-of-band emission limits for WCS terminals can be economically
met through the use of proven technology; and,

3. The WCS terminals can be tested and out-of-band emissions measured for type

approval and compliance testing using off-the shelf test equipment and standard
test procedures.

72831



TABLE 1 WCS INTERFERENCE INTO SDARS ANALYSISC ™ FiLZ (UMY ORIGH

PARAMETER FIXED MOBILE
SDARS Receiver Noise Temperature 200.0 200.0 (deg K)
Noise Energy -145.6 -145.6 (dBW/MHZz)
Allowable increase in Noise Energy 0.2 0.2 (dB)
Interference Noise Energy -158.6 -158.6 (dBW/MHz)
Distance to SDARS Receive Antenna 30.0 1.0 (m)
Frequency 2320.0 2320.0 (MHZ)
Free Space Path Loss 69.3 39.8 (dB)
SDARS Antenna Gain 3.0 3.0 (dB)
Proposed FCC lsolation 70.0 43.0 (dB)
WCS Interference to SDARS * -136.3 -79.8 (dBW/MHz)
Additional Isolation Required 22.3 78.9 (dB)
Proposed Isolation Specification 92 122 (dB)

* Referenced to 0 dBW
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FIGURE 2 POSSIBLE SPECTRUM ALLOCATION FOR WCS AND SDARS
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FIGURE 3 MEASUREMENTS TECHNIQUE FOR OUT-OF-BAND EMISSION
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signal at the input to the low noise amplifier will
be -161dBW/30KHz.

With a WCS terminal power of 1 watt and bandwidth
30KHZ, the out of band emission will be
-129dBW/30KHz or 32 dB above the measurement noise
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NEC ULTRA LOW NOISE

PSEUDOMORPHIC HJ FET

NE32584C

ﬁOISE FIGURE & ASSOCIATED
FEATURES GAIN vs. FREQUENCY
+ VERY LOW NOISE FIGURE: Yos=2V,los=10mA
0.45 dB Typical at 12 GHz 12 24
» HIGH ASSOCIATED GAIN:
12.5 dB Typical at 12 GHz 10 21
Ga —
+ LG £ 0.20 pm, Wa = 200 pm @ o Y " €
+ LOW COST METAL CERAMIC PACKAGE g N / 3
» TAPE & REEL PACKAGING OPTION AVAILABLE g os H 15 '5
& 3
[V
DESCRIPTION F R v ~H <] 12 g
The NE32584C is a pseudomorphic Hetero-~Junction FET that = 02 .
uses the junction between Si-doped AlGaAs and undoped
InGaAs to create very high mobility electrons. The device 0
features mushroom shaped TIAl gates for decreased gate 2 .« 6 8 1 2 % s
resistance and improved power handling capabilities. The
mushroom gate also results in lower noise figure and high Frequency. (GHz)
associated gain. This device is housed in an epoxy-sealed,
metal/ceramic package and is intended for high volume con-
sumer and industrial applications. f
NEC's stringant quality assurance and test procedures assure :
the highest reliability and periormancs. :
ELECTRICAL CHARACTERISTICS (Ta=25°c)
PART NUMBER NE32584C
PACKAGE OUTLINE MC
SYMBOLS PARAMETERS AND CONDITIONS UNITS MIN TYP MAX
NF Optimum Noise Figure, VDs =2V, 108 = 10 mA, f = 12 GHz d8 0.45 0.55
aa Associated Gain, VoS =2V, Ips = 10 mA, f = 12 GHz d8 1.0 125
loss Saturated Drain Current, Vos= 2V, Vas =0V mA - 4] 60 90
Ve Pinch-off Voltage, Vos « 2 V, 108 = 100 pA Vv 20 0.7 0.2
gm Transconductance, Vos =2V, 10 = 10mA mS 45 60
laso Gate to Source Leakage Cument, Vas= -3V pA 05 100
RTH (CH-A) Thermal Resistance (Channel to Ambient) CW 750
RTH cH-C) Thermal Resistance (Channel to Casa) CW 350

Note: .-

1. Typical values of noise figures and associated gain are those obtained when 50% of the devices from a large number of lots were individually
measured in a circuit with the input individually tuned to obtain the minimum value. Maximum values are criteria estabiished on the production line
as a "go-no-go" screening tuned for the “generic” type but not each specimen.
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Amplifiers
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8000 3%.34 37.28 37.26 280 269 280 206 AR 14
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849.2 36.02 3699 36.98 282 265 243 457 168 107
9118 3592 3692 3493 272 264 259 142 155 4.06
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1046.2 35.96 37.08 37.06 28.0 247 277 126 127 4.1 .
4097.4 36.46 129 37.28 27.7 286 274 1.34 1.0 416 .
1448.7 3.37 37.46 37.44 01 2.5 26 4.50 1.49 123 H
12000 36.46 37.49 37.49 324 336 344 174 155 134 '
O equalt standard deviation, see Ampifier tenms
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12364 33.66 34,66 34.66 269 281 M4 166 1.53 426 2%
1287.0 33.89 34.84 3483 209 27 16.8 1.56 1.46 1.24 26
13%.6 34.30 35.24 35.21 260 169 26.3 1.50 1.40 120 26
43923 3434 35.18 35,49 227 17.2 451 146 1.3 1.46 26
1443.6 34.40 35.37 353 . 202 2.2 2.2 1.48 1.30 1.14 V14
1507.7 35.00 35.64 36.63 179 19.6 240 4.56 126 443 27
1574.8 35.26 3578 35.79 234 198 230 1.69 124 415 28
16369 35.60 3595 3595 193 28 143 195 148 122 28
1700.0 35.67 35.94 3593 126 18.6 13.4 232 1.14 135 2
0 equak stondard deviotion, see Ampifier temms
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4700.0 3056 L0.17 40.15 1.2 10.7 1.3 209 1.4 1.33 24
47512 30.88 39.50 39.50 15.2 123 12.2 177 1.44 124 758
18219 .10 ReM 39.66 15.8 3 145 1.44 1.42 110 27.¥
1896.6 a8y 3894 3893 235 132 0 1.49 1.47 1.08 273
1949.2 38.48 R0 39.09 15.2 109 148 1.10 122 112 270
20410 38.68 3937 39.35 2446 169 215 124 129 1.46 269
2120.8 38.05 38.89 38.87 1233 178 173 146 142 420 267
2205 3823 39.47 39.16 10.6 242 10.6 1.48 452 124 2650
23103 37.42 38.47 38.48 173 26.6 139 169 1.68 120 264
2400.0 37.51 38.68 38.69 13.8 449 148 198 1.76 4.49 264t

0 equals standard deviation. see Ampifier terms
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